Abstract. In this paper, we try to present some results from the studies on the transition from nonliving to living organisms on the basis of the generalized theory of evolution (the term "living organisms" was used as animals and plants were the main organisms that we studied) and some research methods, helping to connect physics to biology. In this comment, we will introduce study results of complexity physics, but without the systematic reviews, the key content focus on the metabolism in biology.
Introduction
As an influential figure in the study of complexity science, Ilya Prigogine called for the movement towards a new naturalism; one of the tasks of scientific research is to unify natural sciences and social sciences, which have been separated by modern science [1] . Ecologists have a similar aim to bridge physics and social sciences, through organismal studies. Among today's scientists, most are skeptical about achieving this short-term goal; however, it does not impede some scientists from succeeding, and we are among the minority.
Science is about humans and nature, and the way in which they interact; this interaction is often referred to as practice or known as the gem of human thinking. In scientific research, the objectnature (including human beings) -is always in the leading position, but is also inseparable from human subjective factors. The objects of natural science research are outside of human research (the study of humans in biology is generally biology-based), whereas the objects of social science research include human beings alongside other nature forms. From an objective point of view, objects are divided into living organisms and non-living organisms, and the level of classification is much higher than that for human beings and other animals [2] . Today's science is divided into natural and social sciences, which is related not only to subjects of scientific research, but also with subjective factors.
Ecologists hope to bridge physics and social sciences via organismal studies, and this intention is great. However, the construction of a bridge needs a supporting base: the bridge is biology, and the supporting base is physics and social sciences. The core issue is that the roles that physics and social sciences play may be even more significant than those of biology.
Darwin proposed the theory of biological evolution, which allows us to make a unified and logical explanation of biological diversity, adaptability, and unity. When combining natural sciences and social sciences into one comprehensive science, we need a generalized theory of evolution -cosmogony theory. During the formation of this theory, it should encompass the following:
Common origin theory: there is only one objective world we live in today, and it comes from the most recent big bang.
Generalized theory of evolution: the current state of today's objective world has evolved from the big bang that occurred most recently. In evolution, new organisms are produced along with the generation of new laws of nature.
Unified theory of cosmic logic: the universe is not only objective, but also harmonious; the laws of nature are always logically consistent and there are no logical conflicts in the laws of nature [3] .
Precedence theory of natural laws: inherent laws take precedence over those of generated objects, and the first generated laws take precedence over those that are generated later. For example, the laws of non-living organisms take precedence over those of living organisms, which take precedence over the laws of social sciences.
The papers in this series do not aim to report the research achievements in the field of the generalized theory of evolution, but to present some results from the studies on the transition from non-living to living organisms on the basis of the generalized theory of evolution (the term "living organisms" was used as animals and plants were the main organisms that we studied) and some research methods, helping to connect physics to biology. In this series of papers, we will introduce study results of complexity physics, but without the systematic reviews, and biologists may be limited in their understanding of some of contents of our paper. This paper describes the contents that are related to metabolism in biology.
Methods in Complexity Physics Research
First, we explain how we perform our complexity physics research, which will help the readers understand this paper as well as subsequent papers in this series. The study method used in biology is in the following succession: "observe, question, hypothesize, predict, and test". It may be more appropriate if "observe" is changed to "perceive" as the eye is not the only sensory organ for humans [4] . We named this study method the "five-element method." Studies on this scientific method have revealed it as a primary complete method, and severe problems are generally unlikely if research is carried out via this approach. The reason it is "primary" is because the efficiency of this method is not high and there are methods with even higher efficiencies, such the axiom system method. This method could be considered as being developed from the hypothesis and prediction in the five-element method. If being singled out from the five-element scientific method, this method in itself is an incomplete approach, just as the organs of animals have no life after being separated from the individual. This axiom system method is not used to study the objective world, but the virtual world.
The five-element scientific method is commonly used in various scientific disciplines to the present. Currently, the primitive-element-based axiom system method is applied in numerous kinetic systems of physics (except thermo dynamics) and neoclassical economics only; however, there are certain problems. Comparison of the two methods showed that the five-element scientific method is more commonly used and the primitive-element-based axiom system method is included in the five-element scientific method. In modern physics research, although the two methods are integrated, the primitive-element-based axiom system method is generally in a dominant position for mainstream physics research. There are many schools involved in the study of economics; currently, in the school of neoclassical economics, which is dominant in the West, there are serious problems in the studies, one of which occurs depending on subjective factors. The primitive element of neoclassical economics is the economic man, and a serious problem is found in this hypothesis. In social science research conducted via the primitive-element-based axiom system, the human nature hypothesis is the most basic. The most precious thing for humans is life, as there is only one for human beings. The economic man does not cherishes his own life and does everything to fight for his best interest [5] . Such a person will not only violate the interests of others, but also hurt others' lives. It is not surprising that many viewpoints of ecologists are opposed to those of economists.
Our approach was the primitive-element-based axiom system that was embedded in the fiveelement scientific method. The difference was that in order to build a unified human science, the primitive elements in different disciplines needed to comply with the precedence theory of natural laws. Scientific research needs multidisciplinary cooperation, and we mainly focused on the axiom system based on primitive elements from different academic disciplines.
The specific research methods in the primitive-element-based axiom system are the same as those based on the primitive elements of classical mechanics: the characteristics of primitive elements as well as some other concepts and definitions are proposed, followed by conducting virtual experiments on primitive elements. The so-called virtual experiment is an ideal thought experiment, and there are models composed of various primitive elements in human minds. The models are divided into primitive elements themselves and the system is composed of the primitive structures.
The studies on each model are divided into studies in the steady state, evolution, as well as reasons for the evolution. The predictions obtained from the studies also need testing. When the characteristics of primitive elements are proposed, the perception and question needs to be considered. Of course, our limited capacity can only allow us to study a small part. The establishment of human science requires efforts from all of mankind.
Reflection on Metabolism
The book "General Biology" by Yue-Zen Cheng proposed that six features of living organisms are different from those of non-living organisms: specific tissues and structures, metabolism, irritability, reproduction and heredity, growth and development, and evolution and adaptation. The book also addressed some other differences; however, we can distinguish between non-living and living organisms using the above mentioned differences. Principles mentioned in other books to distinguish between non-living and living organisms are not exactly the same, but the categories are generally similar [1] .
In the objective world, the difference between the features of living and non-living organisms is an objective reality, and is revealed by complexity science. The living organisms that have evolved from non-living organisms have certain features that non-living organisms do not possess. These emerging features are generated during evolution, and differentiate living from non-living organisms. However, these particular scientifically described features are based on the objective world, with the addition of subjective factors. It is apparent that biologists currently recognize the distinguishing features between living and non-living organisms, which are descriptions by primitive-element-based classical mechanics on non-living organisms, rather than descriptions of non-living organisms by complexity physics. If non-living organisms are analyzed from the perspective of complexity physics, some of these distinguishing features do not exist, become blurred, and even disappear. However, there is also the possibility that some important distinguishing features may become more significant [2] .
Scientific research needs multidisciplinary cooperation; non-living organisms are research objects of physicists and chemists, and biologists' understanding of non-living organisms from their findings are reasonable. However, this does not indicate that research results from physicists and chemists cannot be questioned by findings in organisms by biologists. In the following text, metabolism is used as an example to show how biologists raise their own questions on the study of modern physics and non-living organisms without understanding complexity physics. This reflexive questioning is very useful for scientific research: it is the low-level research that indicates problems in high-level research. With regard to the importance of questioning, Einstein had a good discussion: "The formulation of a problem is often more essential than its solution, which may be merely a matter of mathematical or experimental skill. To raise new questions, new possibilities, and to regard old problems from a new angle, requires creative imagination and marks real advances."
In "General Biology" by Yue-Zen Chen, metabolism is described as follows: within living organisms and cells, there is a presence of endless chemical changes, a series of reactions consisting of complex reaction networks, and the sum of these chemical reactions is called metabolism [1] . Maybe biologists can make such reflections: the cell is the smallest living organism, and each component of the cell is a non-living organism. Metabolism exists within the cell: from a compositional perspective, each part that forms the cell is a non-living organism; the so-called living organism is only the entirety, and does not belong to any part that forms the entirety of the cell. Therefore, a conclusion can be drawn: whether a restrictive definition is needed for the chemical reactions within the non-living organisms will require examining whether the entire reaction network can be characterized by the chemical reactions occurring in cell components.
The process for biologists to understand the distinguishing features between living and non-living organisms cannot be simplified to the differentiation of an entity and a living organism (such as a stone or a living being). If the thinking is expanded to the differences between the non-living organisms that form cells and living organisms, the transition from non-living to living organisms must not be as significant as originally thought [2] .
Understanding Metabolism with Complexity Physics
The primitive elements in modern physics are rigid bodies. Relativistic physics and quantum physics correct some features of primitive elements in classical physics, but no corrections have been made on the structural features of primitive elements of classical physics, so that the structure remains rigid. In recognition of the fact that the use of rigid primitive elements cannot solve the widely existing organizational problems in the research objects of physics, rigid primitive elements have been corrected and substituted with a new primitive element. The primitive elements in complexity physics can be called "dissipative structures."
Given characteristics for the dissipative structures of primitive elements are as follows: they consist of a soft structure around a hard core, they have a structure, and their entropy production rate is greater than zero. When the thickness of the soft structure in the dissipative structure of primitive elements is close to zero, only the hard core remains, which is known as the rigid body. The primitive element -a rigid body -in modern physics is a special case of the dissipative structures of primitive elements in complexity physics. Therefore, the theory of complexity physics has corresponding features to Bohr's Theory. We assume that the relationship between complexity physics and classical physics follows the correspondence principle proposed by Bohr.
The reason for choosing metabolism as the first paper in this series is that the virtual experiments are extremely simple, which are only required for primitive elements themselves.
A dissipative structure is isolated, in the sense that it is in an isolated thermo dynamic system. As the entropy production rate of a dissipative structure is greater than zero, the dissipative structure is not in thermo dynamic equilibrium. Its entropy will increase, and it will eventually reach the thermo dynamic equilibrium, followed by disintegration.
Will it bed is integrated immediately? No. If it were immediately disintegrated, the dissipative structure of the objective world would be all immediately disintegrated. The only explanation for no immediate is integration and a greater-than-zero entropy production is that it has stored negentropy. The so-called "stored negentropy" refers to the sum of positive entropy produced by the disintegration of dissipative structures without input of negentropy. If the average entropy production rate of a dissipative structure is σ and the maximum stored negentropy is ς, without the input of negentropy, its life time can be expressed using the following formula: τ = ς σ where τ is the lifetime without input of negentropy and σ is the average entropy production rate. The value of σ is related to the environment as well as its state. τ is just a concept, and the specific value may vary widely. The life time of some particles in physics are very short, some are very long, and the lifetime of those dissipative structures with a very long lifetime may be close to infinite.
The environment for dissipative structures can be an isolated system of thermo dynamics, and can be an open system. Since E = mc² and energy is also a substance, the open systems mentioned here include the closed systems and open systems that are defined in the thermo dynamics. The long-term stable existence of dissipative structures requires an external input of negative entropy. Entropy is not a substance, but a people's description about the existing forms of substances (information is another people's description on the existing form of substances). As a result, the input of negentropy can only be conducted by means of substance transfer: the substance with a relatively low entropy is the input, whereas the substance with a relatively high entropy is the output. As the substance is conserved, in the steady state, the output substance is equal to the input substance.
The substance input in the dissipative structure has a relatively low entropy and the substance output from the dissipative structure has a relatively high entropy. Has a chemical change occurred in the dissipative structure? The answer is yes, and a dissipative structure has undergone a series of chemical changes. Certainly, we are not sure about the details.
Are these chemical reactions of a network system? The constituent units of the dissipative structures are still dissipative structures, as proposed by researchers and can be discussed considering the primitive elements. In the parent structure, the sub-structures form a ring due to the interaction, which allows us to believe the presence of a chemical reaction network in a dissipative structure.
The organism's metabolism can be analyzed from the point of view of complexity physics. The complexity physics is a special dissipative structure, and the entropy production rate of organisms is also greater than zero. It also has an average entropy production rate σ and the maximum stored negentropy ς, and therefore, there is also a lifetime τ without input of negentropy. The difference here is that the lifetime refers to the death of living organisms, instead of disintegration.
In order to achieve stable and long-term survival, living organisms need to continuously input external negentropy, and the input of negentropy is only conducted by means of substance transfer. The substance transfer in dissipative structures is selective, and the substance transfer in living organisms also shows selectivity.
With the input of negentropy, the lifetime of the dissipative structure is infinitely long, but the actual life of the living organism is not.
The above discussion is the understanding of the metabolism in non-living organisms from the perspective of the complexity physics. This understanding may not be important in biology and only deepens the understanding of the metabolism, but show relatively great significance in the transition from non-living to living organisms. Biologists may realize that the gap between the nonliving and living organisms is not as wide as originally thought.
From Biology to Social Sciences
Significant differences exist in the academic viewpoints between the masters of economics Marx and Marshall. Economist Wu-Chang Zhang does not agree with Marx's theory, but admired Marshall sincerely. Professor Wu-Chang Zhang probably did not notice that the viewpoints of two masters are surprisingly consistent on how to develop economics: economics is more akin to biology than physics.
Metabolism is discussed in this paper, from biology to social sciences. Humans are a primate species and have some features that simple living organisms-cells may not have. However, in terms of metabolism, humans must comply with the commonality of living organisms. How metabolism works in the individual human being has been studied in detail in biology and is therefore not discussed; here we discuss human society.
Metabolism has been discussed in biology, but why organisms must have metabolism has been rarely illustrated. Of course, most biologists are aware of the importance of metabolism, which is indispensable to the survival of living organisms; otherwise, they will die. Studies of the history of science have shown that an axiom is an assumption that does not require proof, and is very important. These self-evident assumptions are often more important, but sometimes they may not be true.
No matter whether the human society is regarded as a structure or as a system, there is such a feature of human society: everyone has a material need that is indispensable for survival and is the physiological need. There is a minimum guarantee of human society: M1 is the total number of materials required for everyone to survive, and M2 is the total number of materials produced for human survival by human society. When M2 <M1, regardless of how the products are distributed, someone will die due to the lack of materials needed for survival. Therefore, the basis of human society is formed from the direct materials.
In a society, when M1> M2, if someone dies due to the lack of materials for survival, it is the issue of unfair distribution in the society. To consider the right to live of each individual in human society is the basic starting point for universal love and justice.
Summary
At the end of this paper, we have not drawn a conclusion; in our group, the problem is being studied continuously. For readers, this paper only introduces one type of information, and the conclusions drawn from this information are related to the subjective world of the readers [3] . Some readers may not agree with the information in this paper; some readers may agree with part of it, and the proportions of the information in this paper that are agreed among readers may also vary; whereas some readers may even derive new knowledge from this paper.
Readers should that the concept of entropy is difficult to understand even for physicists. Therefore, in some articles, the dissipative structure is introduced as the dissipation of energy, and useful energy becomes useless energy. This introductory view is not wrong, but it is not rigorous from the perspective of physics. In this paper, an entropy production rate of greater than zero is used as a physical characteristic of the dissipative structures, and negentropy is consumed by the dissipative structure. In biology, how many calories a living organism needs is often used as an indication of life-sustaining activities, which is equivalent to the energy mentioned by others and the relatively low entropy substances in this paper. However, the output of relatively high-entropy substances (or useless energy) is not considered in biology. The use of scientific language across different disciplines usually varies and is difficult to cross over.
Notes
(1)A broad range of information was covered in the introduction, and it was difficult for us to introduce the contents. Some of contents were our findings; hence, it was difficult to provide the references.
(2)The research methods in biology, the characteristic differences between living and non-living organisms, the role of Darwin's theory of evolution, as well as the knowledge of metabolism were mainly taken from "General Biology" by Yue-Zeng Chen.
(3)Most of the viewpoints of ecology at present came from "Basic Principles of Ecology" by Eoderm.
(4)The basic view points about the scientific methods were the results of our study. The system methods based on the principle of primitive elements were obtained by studying the classical mechanics.
(5)The reflection of metabolism from the perspective of a biologist and the subsequent questioning of the study of physics and non-living organisms were obtained after we studied the complexity physics. We believe that this method of questioning is very important for biologists to recognize the characteristics of non-living organisms; hence, it was added to this paper.
(6)The importance of raising problems discussed by Einstein was cited from "The Evolution of Physics" by Albert Einstein and Leopold Infeld.
(7)The fundamental contents of Bohr's correspondence principle are as follows: a new theory cannot only explain the phenomenon that the old theory cannot explain, but also explain all the phenomena that have been successfully explained by the old theory; additionally, the new theory can ensure predictability. This is the principle that modern science has followed during the development of a new theory. A simple way to follow the correspondence principle is to treat the old theory as a special case of the new theory, such as the relationship between relativistic physics and classical physics.
(8)The description of neo classical economics was derived from our analysis, and we believe that the neoclassical economists oppose our description and opinions. We believe that the judgment from time and history is also "real and righteous."
